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SUMMARY PAGE 

THE PROBLEM 

The object o f  this study was to determine the coune o f  adjustment to a 
rotating environment and to determine transfer of habituation from one vestibular 
environment to another. 

FINDINGS 
\ 

-2, // / &  3-9'0 
Nystagmus, disorientation, and nausea were reduced in subjects living and P 

moving about for several days in a slowly rotating room. The reduced nystagmus 
was not reinstated by assigning "arousal-tasks" which are ordinarily effective in 
this respect. After rotation was stopped residual effects were noted for several 
hours. These included compensatory nystagmus, compensatory illusory reactions, 
and some motion sickness. Other subjects were exposed to similar circumstances 
for shorter periods wherein only restricted head movements i n  a particular plane 
were permitted. Nystagmus, illusory phenomena, and nausea were reduced by 
this procedure. However, the habituation did not transfer to forms of  vestibular 
stimulation including head movements in an "unpracticed quadrant" which produce 
reactions similar in direction and plane to those repeatedly experienced during 
the habituation period. Residual effects from this shorter more restricted exposure 
were slight. . /..t-L---u 
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INTRODUCTION 

Vestibular nystagmus can be reduced when a particular pattern of vestibular 
stimulation i s  repetitively administered (2,4,7,9,12,14,15). This reduction may 
result from loss of arousal or drowsiness (1,2,5,9,11,13,15), but recent experiments 
(6,lO) have indicated that an active suppression involving an opposing response 
tendency also reduces nystagmus under some experimental conditions , 

This distinction i s  of practical importance as well  as theoretical significance. 
Nystagmus reduction from loss of  stimulus arousal value may occur very quickly and 
i s  not necessarily indicative either of general adaptation to a complex vestibular 
environment or a prolonged state of  adaptation. The fickle nature of this kind of 
nystagmus reduction i s  demonstrated by the ease with which the nystagmus can be 
reinstated, e.g., by simply requiring the subject to perform some task such as mental 
arithmetic (1). It i s  altogether likely that a number of studies of transfer o f  nystag- 
mus habituation from one stimulus mode to another have been influenced by this 
factor, 

EXPERIMENTAL STUDIES 

Nystagmus reduction involving an opposing response tendency (10) appears 
to remain suppressed in  spite of  attempts to reinstate it by ordinarily effective methods 
of  arousal (1,lO). In a recent experiment (10) seven subjects were rotated almost 
continuously for 64 hours at 5.4 RPM in a 15-foot diameter rotating mom. Normal 
activities of day-to-day living were carried on within the mom, which was fully 
illuminated during waking hours. However, during periods in which nystagmus was 
recorded, the room was dark, and particular head movements were executed and 
recorded. Nystagmus diminished considerably during this 64-hour period, and by 
the morning of  the fourth day was greatly reduced in all subjects. Ef for ts  to maintain 
alertness by instructions and assignment of  simple mental arithmetic tasks did not 
restore nystagmus. Moreover, head movements in the static condition after the pm- 
longed period o f  rotation produced a nystagmus opposite in direction to responses 
produced by the same head movement during rotation, an apparent manifestation 
of a conditioned competing response. 

This kind of nystagmus reduction would probably lead to difficulties in any 
immediate exposure to a new acceleration environment. This is indicated by the 
compensatory illusory phenomena, nystagmus, and nausea which were encountered 
when the subjects returned to the normal static environment (6,10), From these 
observations and others it i s  apparent that the success of any attempt to precondition 
a person for an unusual vestibular environment depends to a large extent upon our 
understanding o f  the factors controlling transfer of habituation from one environment 
to another. 

To study transfer effects further, subjects were placed in  chairs in  the 
Pensacola Slow Rotation Room, described elsewhere (3), for periods of from four 
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to eight hours. These subjects were permitted to make head movements in the frontal 
plane only and in only one quadrant of this plane. For example, head movements 
were sometimes restricted to 45 degrees lateral t i l t  toward the lef t  shoulder and return 
to upright. Plane and total angle of head movement were set by a bite-board arrange- 
ment which also permitted the movements to be recorded. Between series of head 
movements subjects gradually moved their heads back against a comfortable headrest 
and remained motionless relative to the mom. Each of three runs consisted of a 
group of four subjects making several series of 20 head-movement cycles. A cycle 
consisted of a t i l t  and a return movement, each position being held for 15 seconds. 
Total cycles for each group were 100, 140, and 260. Variations in total cycles 
between groups were due to practical considerations such as available subject-time. 

At the beginning and end of the day's run head movements were made in  both 
quadrants, i.e., in the left and right quadrants, to ascertain how much nystagmus 
reduction would carry over from the "practiced" to the "unpracticed" quadrant. 
Nystagmus was recorded in complete darkness, but the practiced head movements in 
the habituation series were made with the room illuminated. Subjects also reported 
soon after the beginning and just before the end of the run on the apparent motion of 
a target light in the otherwise dark room to test for changes in the oculogyral illusion 
(OGI) which might have occurred during the habituation series. A l l  conditioning 
series and tests at the beginning and end of the run were made while the room rotated 
in a counterclockwise direction at 7.5 RPM. 
longed 7.5 RPM rotation period, tests were made under static conditions, i.e., head 
movements were made but the room was stationary. 

In addition, before and after the pro- 

Results are shown in Table 1. The nystagmus and OGI tests at the beginning 
and end of each run provided eight opportunities to test for response decline in each 
subject, viz., t i l t  and return stimuli in each of two quadrants for each response 
variable. Subjects were given mental arithmetic problems during the recording 
periods to avoid reduction of nystagmus due to the arousal factor. Since this was 
done only at the beginning and end of  the run, there was I ittle possibility o f  habitua- 
tion to the mental arithmetic task itself. 

It i s  apparent from Table I that dramatic reductions in response occurred in 
the practiced quadrant, but these reductions did not carry over to the unpracticed 
quadrant. This minimal transfer o f  habituation i s  particularly significant in view 
of the fact that OGI and nystagmus responses of approximately the same directions 
and planes weproduced by head movements in the two quadrants. For example, 
tilting the head toward the left shoulder (practiced) produced vertical nystagmus 
(relative to the skull) with fast phase-up, and returning the head to upright from 
the right-tilt (unpracticed) produced very nearly the same direction and plane of 
nystagmus. Similarly, returning the head from the left shoulder to upright (practiced) 
produced nystagmusdown and an apparent diving sensation, as did tilting the head 
toward the right shoulder (unpracticed).* 

* The righthand quadrant was "practiced" in four subjects and the lefthand quadrant 
was "practiced" in eight subjects. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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The subjective responses and nystagmus were essentially concordant. However, 
the subjective data, with room stationary after the habituation run, gave more definite 
evidence of a competing response tendency. Head movements in the practiced quad- 
rant toward the end of the period of rotation no longer produced a subjective reaction. 
For some time after rotation, the same head movements yielded a reversed reaction. 
Conversely, head movements in the unpracticed quadrant near termination of the 
rotation run still produced a reaction but subsequently under static conditions did 
not yield subjective effects. These findings are illustrated in Figure 1. 

Eye movements recorded under static conditions showed evidence of a similar 
nature, but the nystagmus thus produced was not consistent. However, i t i s  pre- 
sumed that, with longer rotation exposure, the competing response tendency would 
have been clearly evidenced by nystagmus as it was i n  the 64-hour run previously 
reported . 

DISCUSSION 

Reduction of a vestibular response by frequent repetition of one stimulus 
pattern does not necessarily transfer to another stimulus pattern which also initially 
elicits the same response. For example, during rotation of the room, the illusion 
of "nosing over" and vertical nystagmus with fast phase-down were produced by 
returning the head to vertical from a left t i l t  position. Essentially the same response 
was produced by lateral head-tilt toward the right shoulder. After repeated head 
movements i n  the left quadrant the nystagmus and illusion disappeared, but head 
t i l t  to the right s t i l l  produced nystagmusdown and the illusion of "nosing over." 

The reduction in the practiced quadrant i s  apparently attributable to a 
conditioned competing response tendency. Several possible conditioned stimuli 
deserve consideration. The otolith system, the proprioceptors of the neck,and the 
intention involved in  the head movement al l  could be conditioned to signal a 
particular pattern of  discordant influx from the canals and to release a competing 
response. Head movements i n  the unpracticed quadrant would not involve the 
same pattern of conditioned stimuli and the competing response would not be 
released. Hence, toward the end of the run during rotation, the practiced head 
movements elicit a sensory influx which i s  matched by a central competing response 
pattern and the nystagmus and illusion are suppressed. 

In subsequent static tests, the practiced head movements s t i l l  release the 
conditioned competing response which i s  manifest by a sensation of climbing and, 
i n  the 64-hour run, by a vertical nystagmus with fast phaswp. Conversely, in 
the Unpracticed quadrant, head movements made toward the end o f  the rotation 
period still produce the illusion of ''nosing over" and nystagmus-down and fail 
to produce effects in the subsequent static tests. Both results, rotation tests and 
static tests, suggest the presence of  a conditioned competing response which i s  
specific to the pattern of conditioned stimuli. The possibility that the results could 
be attributed to arousal effects seems remote in view of  the assigned tasks to control 
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this factor and the reversal of effects in the static tests. 

In the other experiment in which subjects lived for 64 hours aboard the 
rotating room, evidence of competing responses in both quadrants was to be expected 
because movement was unrestricted, and although a bizarre pattern of sensory input 
accompanied almost every head movement, the bizarre pattern was very consistent. 
Hence, any particular movement from any one position produced a unique pattern 
of  discordant sensory influx which made possible the conditioning of a specific set 
o f  compensatory responses. 

This would not be true aboard ship or in aircraft because of the highly variable 
vestibular environments present. Any particular head movement relative to the ship 
would not always occur during a particular motion of the ship. Hence, a given head 
movement relative to the ship could not become associated with a unique sensory 
pattern and would be unlikely to elicit a consistent (and hence, demonstrable) 
compensatory reaction when the ship i s  subsequently motionless. Although the 
shipboard exposure would not be so favorable as continuous rotation for demonstrating 
a consistent compensatory reaction, i t  i s  not unlikely that sensory influx from particu- 
lar ship movements could combine with central nervous system patterning preparatory 
to voluntary head movement to actively suppress discordant vestibular patterns. 
Groen (8) has suggested a highly dynamic suppression of complex character and 
adduces as evidence the occasional persistent subjective motion aftereffects of  a 
rough sea voyage. 

The development of active suppression may be dependent upon complex 
situations, such as those of the present experiments and shipboard experience, which 
involve discordance among various aspects of  the sensory patterns and also voluntary 
active movements of the head and body. Repeated passive rotation about a fixed 
vertical axis of rotation, with head and body fixed relative to the axis of rotation, 
may not be propitious for the development of active suppression of vestibular responses. 
In this situation there would be little or no opportunity for either voluntary "commands 
to action" or naturally paired otolith and proprioceptor impulses to signal and become 
conditioned to discordant canal input. 

Much more experimental data are essential, but it is  suggested that a highly 
variable vestibular environment involving active voluntary movements of the head 
and body may provide the most desirable conditioning procedure for the future space 
traveler from the point of view of establishing desirable habituation transfer effects. 
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